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(57) ABSTRACT 
A positioning method using global positioning system 
(GPS) signal and digital broadcasting system (DBS) signal. 
The method includes detecting a presence status of the GPS 
signal through a signal detector in a receiver, detecting a 
presence status of the DBS signal through the signal detec 
tor, determining the signal strength of the GPS signal if the 
GPS signal is detected, determining the signal strength of the 
DBS signal if the DBS signal is detected, choosing one 
positioning mode among a plurality of positioning modes in 
a signal processing unit in the receiver based on signal 
presence status and the signal strength of a detected signal, 
and determining a location of the receiver based on the 
chosen positioning mode. The plurality of positioning 
modes includes stand-alone GPS mode, assisted GPS 
(AGPS) mode, assisted GPS positioning with DBS assist 
mode, DBS positioning with GPS assist mode, stand-alone 
DBS mode, and assist DBS mode. 
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NOVAS HYBRD POSITONING TECHNOLOGY 
USING TERRESTRAL DIGITAL BROADCASTING 

SIGNAL (DBS) AND GLOBAL POSITIONING 
SYSTEM (GPS) SATELLITE SIGNAL 

RELATED APPLICATION 

0001) This application claims the benefit of U.S. Provi 
sional Application No. 60/736,725, A NOVAS HYBRID 
POSITIONING TECHNOLOGY USING TERRESTRIAL 
DIGITAL BROADCASTING SIGNAL (DBS) AND GLO 
BAL POSITIONING SYSTEM (GPS) SATELLITE SIG 
NAL, filed on Nov. 15, 2005, the specification of which is 
hereby incorporated in its entirety by this reference. 

FIELD OF THE INVENTION 

0002 The present invention relates to positioning tech 
nology and more particularly to positioning technology 
using terrestrial digital broadcasting signal (DBS) and global 
positioning system (GPS) satellite signal. 

BACKGROUND OF THE INVENTION 

0003 Global positioning system (GPS) is currently the 
most widely used positioning system. Usually, the GPS 
satellites are located more than 20 kilometers above the 
Surface of earth. GPS signal degrades significantly over Such 
a long distance when it reaches the earth. Generally, a GPS 
receiver requires at least a sensibility of -130 dBm to 
acquire a GPS signal in a clear and open sky environment. 
In urban or indoor environment, the GPS receiver may 
require a sensitivity parameter ranging from -155 dBm to 
-160 dBm or more than -160 dBm to perform GPS posi 
tioning functions. Furthermore, the performance and accu 
racy of GPS positioning system will degrade dramatically 
due to any reflection, blockage and multi-path effect of GPS 
signals under urban or indoor environment. 
0004 With the digitalization of terrestrial analog audio 
broadcasting and analog video broadcasting technologies, 
which correspond to two mainstream standards, namely 
DAB (digital audio broadcasting) and DVB (digital video 
broadcasting)/ATSC (advanced television system commit 
tee) respectively, terrestrial digital broadcasting system 
(T-DBS), which includes DAB, DVB, and ATSC system, has 
an unparalleled edge over the global positioning system in 
terms of signal transmission power, signal transmission 
distance. Furthermore, the penetration ability of T-DBS 
signals is much stronger than that of GPS signal broadcast 
ing at L1 carrier frequency level. Terrestrial digital broad 
casting system can be used in environments such as base 
ment, stair ways and underground parking lots where GPS 
positioning fails to perform. In addition, the use of the 
terrestrial digital broadcasting system can serve as a comple 
ment to the GPS in an urban environment where GPS 
positioning results become unreliable due to the densely 
built high-rises. Thus, it is to a hybrid positioning technol 
ogy using T-DBS signal and GPS signal that the present 
invention is primarily directed. 

SUMMARY OF THE INVENTION 

0005 There is provided a receiver for determining posi 
tion using terrestrial digital broadcasting signal (DBS) and 
global positioning system (GPS) satellite signal. The 
receiver includes a first tuner, a second tuner, a signal 
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detector, a hybrid signal processing unit, a measurement data 
processing unit and an assist data processing unit. The first 
tuner is used to convert the GPS signal from its original 
frequency to an intermediate frequency (IF). The second 
tuner is used for converting the DBS signal to an interme 
diate frequency (IF). The signal detector is capable of 
detecting the existence of the GPS signal and the DBS 
signal, measuring the signal strength of the detected signal 
and outputting a signal indicating a positioning mode based 
on the measured signal strength. The hybrid signal process 
ing unit is capable of choosing a positioning mode among a 
plurality of positioning modes and determining position of 
the transmitters and arrival time difference between each 
signal arriving at the receiver. The measurement data pro 
cessing unit coupled to the hybrid signal processing unit for 
determining the position of the receiver based on the posi 
tion of the transmitters and the arrival time difference. The 
assist data processing unit coupled to the hybrid signal 
processing unit is adapted to receive assistance data from an 
assist station and provide the assistance data to hybrid signal 
processing unit for further signal processing when an assist 
positioning mode is chosen. The plurality of positioning 
modes includes stand-alone GPS positioning mode, assisted 
GPS (AGPS) positioning mode, assisted GPS positioning 
with DBS assist mode, DBS positioning with GPS assist 
mode, stand-alone DBS positioning mode, and assist DBS 
positioning mode. 

0006 There is also provided a method for obtaining a 
position using global positioning system (GPS) signal and 
digital broadcasting system (DBS) signal. The method 
includes detecting the presence of a GPS signal in a signal 
detector in a receiver, detecting the presence of a DBS signal 
in the signal detector, determining the signal strength of the 
GPS signal if the GPS signal is detected, determining the 
signal strength of the DBS signal if the DBS signal is 
detected, providing a plurality of positioning modes, choos 
ing one positioning mode among the plurality of positioning 
modes in a signal processing unit in the receiver based on 
signal presence status and the signal strength of the detected 
signal, and determining the location of the receiver based on 
the chosen positioning mode. The plurality of positioning 
modes includes stand-alone GPS positioning mode, assisted 
GPS (AGPS) positioning mode, assisted GPS positioning 
with DBS assist mode, DBS positioning with GPS assist 
mode, stand-alone DBS positioning mode, and assist DBS 
positioning mode. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0007 Advantages of the present invention will be appar 
ent from the following detailed description of exemplary 
embodiments thereof, which description should be consid 
ered in conjunction with the accompanying drawings, in 
which: 

0008 FIG. 1 is a simplified model of a positioning 
system; 

0009 FIG. 2 is a schematic diagram of a hybrid posi 
tioning system using GPS and/or DBS signal according to 
one embodiment of the present invention; 



US 2007/01 09.184 A1 

0010 FIG. 3 is a block diagram of an exemplary GPS/ 
DBS receiver according to one embodiment of the present 
invention; 

0011 FIG. 4 is a transmission frame of a DAB signal 
according to one exemplary embodiment of the invention; 

0012 FIG. 5 is a detailed format of a transmission frame 
of a DAB signal in Mode-I according to one exemplary 
embodiment of the invention; 

0013 FIG. 6 is a mega-frame initialization packet in a 
mega frame of a DVB signal according to one exemplary 
embodiment of the invention; 

0014 FIG. 7 is a frame of an ATSV signal according to 
one exemplary embodiment of the invention; and 

0.015 FIG. 8 is a flowchart illustrating a positioning 
method using GPS and DBS signal according to one 
embodiment of the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0016 FIG. 1 illustrates a simplified model of a position 
ing system. The position system includes a plurality of 
wireless transmission station (e.g. 102, 104, 106, 108)), a 
receiving station such as a mobile receiver 110 and an 
optional reference station 112 (also known as assist server, 
assist station, or fixed monitor). For a GPS system, in order 
to calculate the user position, a receiver generally needs 
positional information from at least four different transmis 
sion stations. For simplicity, FIG. 1 illustrates four trans 
mission stations S0102, S1104, S2106 and S3108 containing 
corresponding location information (x0, y0, z0), (x1, y1, Z1). 
(x2, y2, Z2), and (x3, y3, Z3). Coordinates of the four 
transmission stations, mobile receiver and the reference 
station are shown in FIG. 1. According to the spatial 
coordinate formula, the following equation group (1) can be 
obtained: 

1 V(x0 - x)2 + (yo-y)? + (30 - 3) = c X (todo) (1) 
(x1 - x) + (y1 -y) + (31 - 3) = c X (tod) 

W(x2 - x) + (y2 -y) + (2 - z) = c X (toda) 

W(x3 - x) + (y3 -y) + (23 - z) = c X (tods) 

, where t is defined as the transmission time of a wireless 
signal (e.g. GPS signal or T-DBS signal) transmitted from a 
transmission station to a receiver. 

0017 Suppose that t (me-.0.3) refers to the moment 
when the wireless signal is transmitted, and t (in 60.3) 
refers to the moment when the wireless signal reaches the 
receiver, then the following equation group (2) can be 
obtained: 
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Receiver 

2 V(x0 - x) + (yo-y) + (30 - 3) = c X (tio – to) (2) 

W(x2 - x) + (y2 -y)? + (2 - z)? = c X (ty - ti2) 

W(x3 - x) + (y3 -y) + (23 - z) = c X (it is - tis) 

cx (tio - iio) = c X (tio + 0- to) = c X (tio + 0- (tio + 0)) 

= c X (til - til) 

cx (til - iii) = c X (tio + ATI - i) = c X (tio + ATI - (tio + AT-1)) 
cx (12 - i2) = c X (tio + AT2 - i2) = c X (tio + AT2 - (tio + AT2)) 
cx (tig - i3) = c X (tio + AT3 - i3) = c X (tio + AT3 - (tio + AT3)) 

W (vo - x)2 + (yo-y) + (30 - z) = c X(tio + 0- (tio + 0)) 

W(x - x) + (y1 -y) + (31 - z) = c X(tio + ATI – (tio + AT-1)) 
W(x2 - x) + (y2 -y) + (2 - z) = c X (to + AT2 - (tio + AT2)) 

W(x3 - x)2 + (y3 -y) + (23 - z) = c X(tio + AT3 - (tio + AT3)) 

, where to-to is the transmission time for a wireless signal 
traveling from a designated transmission station (S0) to the 
receiver. AT, is the transmission time difference between 
transmission station i and the designated reference transmis 
sion station; and 3) AT is the difference between the time 
when the signal transmitted from the transmission station i 
reaches the receiver and the time when the signal transmitted 
from the designated reference transmission station reaches 
the receiver. Let M=to-to equation group (3) can be 
obtained based on equation group (2): 

Receiver 

3 W(vo - x)2 + (yo-y)? + (30 - 3) = Cx (M) (3) 
(x - x) + (y1 -y) + (31 - 3) = Cx (M + AT-AT) 

W(x2 - x) + (y2 -y) + (2 - z) = c X (M + AT-AT2) 

W(x3 - x) + (y3 -y) + (23 - z) = c X (M+AT3 - AT3) 

0018. As illustrated in equation group (3), if (x0, y0, z0), 
(X1, y1, Z1), (x2, y2, Z2), (X3, y3, Z3), AT, and AT are 
known, (x, y, z) and M can be determined, thereby, the user 
position can be calculated. In other words, for a positioning 
system (GPS or T-DBS), if the difference in time of trans 
mitting the wireless signal (AT) and the differences in time 
of receiving the wireless signals (AT) are known, and the 
positions of each transmission stations are also known 
according to the received signals or local data base, the 
absolute location of the receiver can be determined. 

0.019 For the GPS system, usually, all GPS signals 
transmit at almost the same time (all satellites transmit the 
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same frame of signals simultaneously, while in fact, the 
transmission time may differ slightly with one another, but 
the receiver can correct the differences according to satellite 
ephemeris), that is, ATs.0 (i.e0.3). Therefore, in reality, 
the three-dimension positioning can be performed simply 
based on the differences in time of receipts of GPS signals 
at the receiver and the received navigation data contained in 
the GPS signal according to the equation group (3). 
0020 For terrestrial digital broadcasting system, if a 
single frequency network (SFN) is set up, and if the network 
side can ensure all transmission towers to transmit the same 
frame of signals simultaneously (transmission towers may 
be synchronized using GPS time), then the user position may 
be determined after receiving signals transmitted by the 
transmission towers according to the same positioning prin 
ciple of the GPS system as shown in the equation group (3). 
If the network side fails to transmit signals simultaneously, 
or there is a difference in the time for transmitting the signals 
from each transmission station, the difference will lead to an 
error in positioning. If a high positioning accuracy is 
desired, a reference station (also known as a fixed monitor) 
may be required to provide information for calculating AT (i 
60.3) as illustrated in FIG. 1. AT can be calculated 
according to the equation group (4) shown below: 

REFERENCE 

0021) 
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signals along with the GPS assistance data and determines 
the user location. Furthermore, the assist server 216 is 
further capable of receiving the DBS signals transmitted 
from the DBS transmitter 0210, the DBS transmitter 1212, 
the DBS transmitter 2214. The DBS signals include DBS 
data indicating the coordinates of each DBS transmitter. 
Based on the coordinates of the DBS transmitter 210, 212, 
214 and the coordinates of the assist server 216, the trans 
mission time difference (AT) can be calculated according to 
equation group (4). The receiver 220 receives the DBS 
signals transmitted from each DBS transmitter and the 
assistant data from the assist server 216. It is understood by 
those skilled in the art that, for the GPS system, the user 
position can be determined via the GPS signals transmitted 
from at least four GPS satellites, while, for the DBS posi 
tioning system, the user location can be determined via the 
DBS signals from at least three DBS transmitters. It should 
be noted that the number of GPS satellites and the DBS 
transmitters are not limited to the number shown in FIG. 2. 
A modification of the number of the GPS satellites and DBS 
transmitters can be conceived according to different embodi 
ment of the present invention without departing from the 
spirit of the present invention. 

0024. The DBS/GPS receiver 220 can choose to receive 
signals from DBS transmitters or GPS satellites according to 
application environments. Assistance data is used when the 
receiver operates in assisted mode. The present invention 

V(x0 - x r) + (yo-yf) + (zo-3F) = c x(tro - to) = c X(tro - (to + 0)) (4) 
W(x1 - xf) + (y1-yf) + (31 - (f) = c X (f1 - i) = c X (tiro + ATI – (tio + AT-1)) 

V(x2-yf) + (y2-yf) + (32-3p) = c x(tira - i) = c x(tro + AT2 - (to + AT2) 
V(x3 - x r) + (y3-yf) + (3-3F) = c x(tips - tis) = c x(tro + AT: - (to + AT3)) 

0022 where (x,y,z) is the location information of the 
reference station. The four unknowns to AT, AT, AT can 
be calculated from equation group (4). After AT is calcu 
lated, the equation group (3) can be solved and the user 
position can be obtained. 
0023 FIG. 2 illustrates a schematic diagram of a hybrid 
positioning system 200 using GPS signal and/or DBS signal 
according to one embodiment of the present invention. The 
hybrid positioning system includes a plurality of GPS sat 
ellite (SV0202, SV1204, SV2206, SV3208), a plurality of 
DBS transmitters (210, 212, 214), a GPS/DBS receiver 220, 
an assist server 216, and a base station 218. The plurality of 
GPS satellites are used to transmit GPS signals which 
include navigation data. The assist server 216 is located in 
a clear outdoor environment. Therefore, the signal strength 
of the GPS signal received by the assist server 216 is 
generally stronger than that of the signal directly received by 
the receiver. Based on the stronger GPS signals, the assist 
server 216 is capable of measuring a Doppler shift of each 
GPS satellite and Doppler shift rate of each GPS satellite 
from the received GPS signals. Then, these measured infor 
mation are transmitted from the assist server 216 to the base 
station 218. The base station 218 is capable of providing 
GPS assistance data to the receiver 220 for a better perfor 
mance of the receiver. The receiver 220 receives the GPS 

provides a plurality of positioning modes. The receiver 220 
is able to switch between different positioning modes 
depending on the received signal strength or working envi 
ronments. The plurality of positioning modes include stand 
alone GPS positioning mode, assisted GPS (AGPS) posi 
tioning mode, assisted GPS positioning with DBS assist 
mode, DBS positioning with GPS assist mode, stand-alone 
DBS positioning mode, and assist DBS positioning mode. 
The following description will explain each mode in detail. 

Stand-Alone GPS Positioning Mode 

0025 Stand-alone GPS positioning mode is directed to 
conventional applications under open sky and outdoor envi 
ronment. The receiver requires the GPS signals transmitted 
from at least 4 satellites. The receiver extracts the coordinate 
information from the four GPS signals and determines the 
time difference for receiving the four GPS signals as under 
stood by those skilled in the art. Thus, the user position can 
be calculated based on the formula given by equation group 
(3). 

Assisted GPS (AGPS) Positioning Mode 

0026. In this mode, the receiver receives and uses the 
GPS signals and the GPS assistance data from the assist 



US 2007/01 09.184 A1 

station (i.e. assist server 216 in FIG. 2). The AGPS posi 
tioning mode utilizes assistance data from the assist station 
216 to assist the positioning in terms of acquiring and 
tracking stage. The GPS assistance data include Doppler 
shift, Doppler shift rate and navigation data. Assisted by the 
GPS assistance data, the receiver may perform coherent 
integration in a long time period and obtain a higher gain of 
the spread spectrum signal. However, the use of the assis 
tance data requires an accurate GPS time. Therefore, the 
receiver working in AGPS mode must undertake a critical 
step: clock synchronization. That is, the local time of the 
receiver must be synchronized with the GPS time before the 
utilizing the assistance data. One approach to realize time 
synchronization is to use a large quantity of parallel corr 
elators to conduct correlation based on a certain GPS signal. 
When the certain GPS signal is acquired, the receiver then 
starts to search and acquire more GPS signals from other 
GPS satellites. The method is severely affected by unfavor 
able network delay that may occur during the transmission 
of the assistance GPS data. Along network delay may result 
in a huge amount of computation task. In addition, when the 
network delay period is unknown, the time synchronization 
method may also take a lot of time. Therefore, to achieve a 
higher efficiency, AGPS mode requires a short network 
delay period and a large amount of parallel correlators. 

Assisted GPS Positioning with DBS Assist Mode 

0027 According to one embodiment of the present inven 
tion, DBS signal may be used to assist AGPS positioning by 
dramatically reducing the time spent on clock synchroniza 
tion and thereby enhancing the performance of AGPS. For 
example, when the DBS signal is a DVB signal or DAB 
signal, synchronization time stamp (STS) information com 
prised in the DVB or DAB signal can be extracted from each 
frame. If the measurement unit of the STS is 100 ns, it helps 
to determine the time when a next mega-frame is transmit 
ted. Since the transmission distance from the DBS trans 
mission station to the receiver is generally no longer than 75 
Km, the transmission delay is less than 75 Km/300,000 
Km=0.25 ms. The duration can be advantageously used to 
realize time synchronization in AGPS mode and conse 
quently realize accurate and fast positioning under indoor 
environment. Assisted GPS positioning with DBS assist has 
outstanding advantages over traditional AGPS in terms of 
TTFF (Time-To-First-Fix) performance, especially under 
conditions when the number of DVB/DAB transmitters are 
limited. 

DBS Positioning with GPS Assist Mode 

0028. This positioning mode is desirable in the situation 
when both the number of DBS transmitters and the number 
of visible GPS satellites are limited, for instance, 2 DBS 
transmitters and 3 visible GPS satellites. In this case, the 
receiver 216 receives both DBS signals and GPS signals. 
Therefore, this positioning mode is also referred to as a 
mixed positioning mode. It should be noted that the total 
number of the transmission stations (including DBS trans 
mitters and GPS satellites) should be at least five stations. 
The reason for using at least five stations is that the mixed 
employment of the two positioning systems may introduce 
a new unknown factor (the transmission time difference 
between the two systems). Originally, in equation group (3), 
the location information from the 4 transmission stations 
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may help to calculate the four unknowns x, y, Z and M. 
However, with the introduction of the new unknown factor, 
one more equation is needed to calculate the additional 
unknown factor. Therefore, there should be at least five 
transmission stations to provide the coordinate information 
and the equation group (3) should be amended accordingly. 
The user position can be determined by analyzing the GPS 
signals and DVB/DAB signal information in a composite 
way. 

Stand-Alone DBS Positioning Mode 
0029. In the environments such as underground parking 
lots and tunnels where GPS satellites are invisible, only 
stand-alone DBS positioning mode is effective. The stand 
alone DBS positioning mode requires signals from at least 
three DVB/DAB transmitters to conduct 2-Dimensional 
positioning. In this mode, no reference station is needed. 

Assist DBS Positioning Mode 
0030 To improve the positioning accuracy, DBS assist 
station can be adopted to provide precise clock information. 
Fox example, the assist station receives the same DVB/DAB 
signal and calculates the transmission time difference AT, 
based on coordinates of transmitter and assist station. The 
receiver is able to obtain the reception time difference 
(arrival time difference) AT and calculate the user infor 
mation according to the equation group (3). 
0031 FIG. 3 illustrates a block diagram of an exemplary 
GPS/DBS receiver according to one embodiment of the 
present invention. It should be noted that the receiver is 
consistent with the GPS/DBS receiver 216 illustrated in 
FIG. 2. The receiver includes a GPS RF tuner 302, a DBS 
RF tuner 304, a GPS/DBS assist data processing unit 306, a 
GPS/DBS hybrid signal processing unit 308, a GPS/DBS 
signal detector 310, a GPS/DBS measurement data process 
ing unit 312 and a position output unit 314. 
0032) The GPS RF tuner 302 is used to receive GPS 
signals, convert these signals to GPS intermediate frequency 
(IF) signals, and send the IF signals to a base band process 
ing unit 303. The DBS RF tuner 304 is used to receive DBS 
signals and convert these signals to DBS intermediate fre 
quency (IF) signals. 
0033. The GPS/DBS hybrid signal processing unit 308 is 
used to perform acquisition, tracking, and demodulation of 
the GPS IF signal and/or DBS IF signal and to extract the 
navigation data or DBS data that indicate the locating 
information of the corresponding transmitter. The GPS/DBS 
hybrid signal processing unit 308 is further capable of 
measuring the time difference in receiving the GPS/DBS 
signal (AT) ( or time stamp). The GPS/DBS hybrid signal 
processing unit 308 outputs AT, and navigation data and/or 
DBS data corresponding to (x0, y0, z0), (x1, y1, Z1), (x2, y2, 
Z2), (x3, y3, Z3) in equation group (3). The GPS/DBS 
measurement data processing unit 312 is used to solve the 
equation group (3) and output the user coordinates, Velocity, 
time and other user concerned information. The GPS/DBS 
signal detector 310 may detect the signal-to-noise ratio 
(SNR) of received GPS and/or DBS signal. The SNR 
information is sent to GPS/DBS hybrid signal processing 
unit 308 and is used to determine the positioning mode as 
previously detailed. Based on the SNR information, the 
GPS/DBS hybrid signal processing unit 308 is configured to 
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operate in GPS signal processing mode (stand-alone GPS 
mode, AGPS mode), DBS signal processing mode (stand 
alone DBS mode, assist DBS mode), or hybrid processing 
mode (assisted GPS positioning with DBS assist mode, DBS 
positioning with GPS assist mode). Usually, each position 
ing mode is assigned a priority. Stand-alone GPS positioning 
mode, assisted GPS (AGPS) positioning mode generally 
have a higher priority. 

0034) The GPS/DBS assist data processing unit 306 may 
process the GPS signal and DBS signal simultaneously or 
process one of the two types of signals. In operation, the 
GPS/DBS signal detector 310 is able to detect which type of 
signal is stronger and choose the corresponding positioning 
mode based on the detected outcome. If no DBS signal is 
detected, for example, in suburban environment, the receiver 
will switch to the GPS signal processing mode. If the 
detected GPS signal is very weak, for example, in the 
downtown area where high-rises are densely built, the 
receiver will switch to the DBS signal processing mode. 
Both these two modes are able to receive the assistance data 
from assist station to enhance the positioning performance. 
It should be noted that, in one embodiment, the GPS/DBS 
hybrid signal processing unit 308 may internally include two 
hardware modules to process GPS IF signal and DBS IF 
signal independently. The GPS/DBS assist data processing 
unit 306 is enabled when assist modes are entered. The 
GPS/DBS assist data processing unit 306 receives GPS 
assistance data and/or DBS assistance data and outputs the 
processed assistance data to the GPS/DBS hybrid signal 
processing unit 308. The position output unit 314 outputs 
standardized positioning results according to outputs from 
the previous stage 312. 

0035) The following descriptions of FIG. 4 through FIG. 
7 are mainly focused on how to use T-DBS signal for 
positioning purpose. FIG. 4 illustrates a transmission frame 
of a DAB signal. A DAB-T (terrestrial digital audio broad 
casting) signal is modulated using COFDM (Coded 
Orthogonal Frequency Division Multiplexing) approach. In 
the mode-I (one of the DAB transmission frame structures), 
the content of a broadcasting program is transmitted by 1536 
carriers with 1.536M bandwidth. The audio data is encoded 
complying with the MPEG-II standard. FIG. 4 illustrates the 
frame structure of a DAB-T signal in Mode-1. Data included 
in the frame comes from three sources: Synchronization 
channel, fast information channel (FIC) and main service 
channel (MIC). 

0.036 FIG. 5 illustrates a detailed structure of a transmis 
sion frame of a DAB signal in Mode-I. No matter in which 
DAB mode, information from synchronization channel 
occupies the first two OFDM (Orthogonal Frequency Divi 
sion Multiplexing) symbols. The number of OFDM symbols 
required by the data from fast information channel and main 
service channel is related to transmission mode. For 
example, in Mode-I, information from fast information 
channel occupies three OFDM symbols, and information 
from main service channel occupies 72 OFDM symbols. The 
detailed frame structure is illustrated in FIG. 5. In Mode-I, 
each transmission frame is made up of 76 OFDM symbols 
and has a period of 96 ms. 

0037. The DAB signal includes two parts: main signal 
S(t) and optional signal Sir (t) (TII refers to Transmitter 
identifier information). The DAB signal is the sum of s(t) 
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and Sri (t). In fact, during the transmission time of the first 
OFDM symbol, sri(t) is transmitted, that is, the first OFDM 
symbol carries Sri (t) information. 
0038 After the DAB signal is received, OFDM 
(Orthogonal Frequency Division Multiplexing) demodula 
tion is performed. After the frame synchronization, infor 
mation from Synchronization channel from the transmitter 
can be obtained, that is, the TII information can be extracted. 
After channel decoding, information from fast information 
channel from the transmitter can be obtained. 

0039 The positioning principle using DAB signal can be 
illustrated as below: 

0040 1. obtain TII signal. The way to obtain TII signal 
is described above. 

0041) 2. obtain Main Identifier and Sub Identifier of 
transmitter. The Main Identifier and Sub Identifier 
correspond to the identification number of the trans 
mitters. A carrier pair utilized by transmitter site can be 
determined from the received TII signal. The carrier 
pair corresponds to parameters P and C respectively 
where P equals the value of main identifier and C 
equals the value of sub identifier. 

0042. 3. obtain FIG. 0/22(Fast information group). 
FIG. 0/22 includes the position information of the 
transmitters. The fast information channel is divided 
into a plurality of fast information block (FIB), where 
the fast information block is divided into a plurality of 
fast information group (FIG). The FIG. 0/22 can be 
obtained by filtering the FIB. When the conditions FIG 
type==(000) and FIG Extension==(10110) are met at 
the same time, FIG. 0/22 can be filtered out; 

0043 4. obtain precise position (x,y,z) of transmit 
ters. The precise position information of the transmit 
ters that the Main Identifier and Sub Identifier corre 
sponding to can be obtained from FIG. 0/22. 

0044) 5. determine AT. Since each transmitter has a 
unique position, the value of the main identifier and the 
value of Sub identifier are also unique. Consequently, 
the corresponding carrier pair in TII signal is also 
unique. The time difference in receiving the DAB 
signal (AT) can be obtained through correlation of 
carrier pair with locally generated carrier signals. 

0045 6. calculate user position. Since (x,y,z) and 
AT is obtained, the user position can be calculated 
according to the formula given by equation group (3). 

, where step 1 though 5 are performed in the GPS/DBS 
hybrid signal processing unit 308 in FIG. 3 and step 6 
is performed in GPS/DBS measurement data process 
ing unit 312 in FIG. 3. 

0046 FIG. 6 illustrates a mega-frame initialization 
packet (MIP) in a mega frame of a DVB signal. A DVB-T 
(terrestrial digital video broadcasting) signal is modulated 
using COFDM (Coded Orthogonal Frequency Division 
Multiplexing) approach. In 2K mode (2048 orthogonal 
carrier waves), data can be transmitted by 1512 carriers with 
optional 6M, 7M and 8M bandwidth. Furthermore, DVB-T 
may also provide support for 8K mode (8192 orthogonal 
carrier waves). There is also a standard DVB-H similar to 
DVB-T, which support portable signal reception. DVB-H 
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supports 4K mode. Bother DVB-H and DVB-T are based on 
terrestrial DVB system. For a terrestrial DVB SFN network, 
mega-frame initialization packet (MIP) is inserted into TS 
stream in SFN adapter. The MIP indicates the start of the 
transmission of the first packet in a mega-frame (Synchro 
nization Time Stamp, STS). The MIP format is shown in 
FIG. 6. 

0047 The format comprises a plurality of segments 
including transport packet header, synchronization ID, 
pointer, periodic flag, synchronization time stamp, TX iden 
tifier, etc. MIP can be filtered out based on packet header, 
whose characteristic word is 0x15. Synchronization ID is 
used to indicate the existence of SFN network, whose 
characteristic word is 0x00. Two-word pointer indicates the 
number of TS packets between two MIP. Periodic flag (PF) 
indicates whether MIP message is transmitted periodically 
or not. Synchronization time stamp (STS) indicates the 
difference between the time when a next Mega-frame is 
output from single frequency network adapter and the stan 
dard GPS time. TX identifier indicates which transmitter the 
received signal is from. 
0.048. The positioning principle using DVB signal can be 
illustrated as below: 

0049) 1. receive an OFDM signal, filter out MIP mes 
Sage based on packet header after synchronization and 
channel decoding: 

0050 2. determine whether the assistant information 
from the reference station is needed according to the 
value of synchronization ID. If SFN network is indi 
cated, synchronization time stamp represents the value 
of AT (i 61.3) in the positioning equation group (3): 
otherwise, the assistant information from reference 
station is needed to obtain AT, 

0051 3. determine the identification number of each 
transmission tower according to TX identifier. By look 
ing up the database, the geographical coordinates of the 
transmission tower (Xo yo Zo), (x, y, z), (x2, y2, Z2). 
(x, y, z) can be obtained. 

0.052 4. obtain the reception time difference (AT (i 
61.3)) in receiving multi-path DVB wireless signals. 

0053 FIG.7 illustrates a frame of an ATSC signal. An 
ATSC signal is modulated following vestigial side band 
modulation rule with 8 side bands (ATSC 8-VSB), and the 
symbol rate is 10.762237. ATSC signal is transmitted in the 
format of a frame. The frame structure is illustrated in FIG. 
7. Each ATSC frame is made up of 624 segments which 
include field synchronization segments and data segments. 
Each segment includes 832 symbols. Both types of segments 
have the same four symbols of segment synchronization 
header, {-1,1,1-1}. According to the ATSC standard, seg 
ment synchronization header has a period of 77.3 us. ATSC 
positioning principle utilizes the segment synchronization 
header to realize positioning. During the establishment of 
SFN network, in order to ascertain the source of the received 
signal and measure the received signal, an RF watermark 
signal is asserted in ATSC signal for that purpose. When 
ATSC 8-VSB carries RF watermark signal, the watermark 
signal has two functions. One is to determine the source of 
the received signal. The other is to measure various char 
acteristics of the received signal. The watermark signal 
adopts Kasami sequence. In fact, the Kasami sequence uses 
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three-layer PN code. ATSC positioning principle makes use 
of this Kasami sequence and the field segment segments to 
realize positioning. 
0054 The positioning principle using ATSC signal can be 
illustrated as below: 

0.055 1. Receive ATSC 8-VSB, demodulate the ATSC 
8-VSB signal, perform Analog-to-digital conversion, 
perform correlation to extract Kasami sequence; 

0056 2. compare the information in Kasami sequence 
with the information from database of the transmitters, 
and obtain the geographical coordinates of the trans 
mitter; 

0057 3. Since the SFN network ensure all transmitters 
to transmit signals simultaneously, the transmission 
time difference is zero (i.e. AT=0); 

0.058 4. Since the information contained in field syn 
chronization segment from each frame is known to the 
receiver side, the reception time difference (AT) can 
be obtained by performing correlation upon the field 
synchronization segment; 

0059) 5. Since x,y,zAT, and AT are known, the 
receiver position can be calculated based on the for 
mula given by equation group (3). 

0060 FIG. 8 is a flowchart illustrating a positioning 
method using GPS and DBS signal according to one 
embodiment of the present invention. A signal detector in a 
receiver detects the presence of the GPS signal 802 and 
detects the presence of the DBS signal 804. If the GPS signal 
is detected, the signal detector will continue to determine the 
signal strength, for example, the signal-to-ratio, of the GPS 
signal 806. If the DBS signal is detected, the signal detector 
will continue to determine the signal strength, for example, 
the signal-to-ratio, of the DBS signal 808. The receiver is 
capable to choose one positioning mode among a plurality of 
positioning modes in a signal processing unit in the receiver 
based on signal presence status and the signal strength of a 
detected signal 810. If the GPS signal is undetectable the 
receiver enters a stand-alone DBS positioning mode. If the 
GPS signal is invisible and an accurate positioning result is 
required, the receiver enters an assist DBS positioning 
mode. If the DBS signal is invisible, the receiver enters a 
stand-alone GPS positioning mode. If the DBS signal is 
invisible and a good performance of the receiver is desired, 
the receiver enters an assisted GPS (AGPS) positioning 
mode. If both the number of GPS satellites and the number 
of DBS transmitters are visibly limited, the receiver enters 
a DBS positioning with GPS assist positioning mode. If the 
GPS signal is weak (especially when the GPS signal is weak 
and the number of DBS transmitters are limited), the 
receiver makes use of the DBS signal and enters an assisted 
GPS positioning with DBS assist mode. The plurality of 
positioning modes are described in previously paragraphs. 
Based on the chosen position mode, the receiver is capable 
of determining the location of the receiver 812. 
0061 The terms and expressions which have been 
employed herein are used as terms of description and not of 
limitation, and there is no intention, in the use of Such terms 
and expressions, of excluding any equivalents of the features 
shown and described (or portions thereof, and it is recog 
nized that various modifications are possible within the 
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Scope of the claims. Other modifications, variations, and 
alternatives are also possible. Accordingly, the claims are 
intended to cover all such equivalents. 
What is claimed is: 

1. A receiver for receiving wireless signals from trans 
mitters to calculate location information, comprising: 

a first tuner for converting a global positioning system 
(GPS )signal from an original frequency to a first 
intermediate frequency (IF), the GPS signal having a 
signal strength; 

a second tuner for converting a digital broadcasting 
system (DBS) signal to a second intermediate fre 
quency (IF), the DBS signal having a signal strength; 

a signal detecting unit for detecting the presence of the 
GPS signal and the DBS signal, measuring the signal 
strength of a detected signal and outputting a signal 
indicating an positioning mode based on a measured 
signal strength; 

a hybrid signal processing unit in communication with the 
first tuner, the second tuner, and the signal detector, the 
hybrid signal processing unit capable of choosing an 
positioning mode among a plurality of positioning 
modes and determining a position of the transmitters 
and an arrival time difference between each detected 
signal received at the receiver, 

a measurement data processing unit coupled to the hybrid 
signal processing unit for determining the location 
information of the receiver based on the position of the 
transmitters and the arrival time difference. 

2. The receiver of claim 1, wherein the DBS signal is a 
digital audio broadcasting signal. 

3. The receiver of claim 1, wherein the DBS signal is a 
digital video broadcasting signal. 

4. The receiver of claim 1, wherein the DBS signal is an 
advanced television system committee signal. 

5. The receiver of claim 1, further comprising an assist 
data processing unit coupled to the hybrid signal processing 
unit for receiving assistance data from an assist station and 
providing the assistance data to hybrid signal processing unit 
for further signal processing when an assist positioning 
mode is chosen. 

6. The receiver of claim 5, wherein the assistance data 
includes GPS assistance data. 

7. The receiver of claim 5, wherein the assistance data 
includes DBS assistance data. 

8. The receiver of claim 5, wherein the plurality of 
positioning modes comprising a first assist positioning mode 
for providing time synchronization information from the 
DBS signal to reduce Synchronization time required in an 
assisted GPS positioning mode, wherein the hybrid signal 
processing unit uses GPS signal to determine position based 
on the assistance data and DBS signal. 

9. The receiver of claim 8, wherein the plurality of 
positioning modes further comprising an assisted GPS posi 
tioning mode, wherein the hybrid signal processing unit uses 
GPS signal to determine position based on the assistance 
data. 

10. The receiver of claim 8, wherein the plurality of 
positioning modes further comprising an Stand-alone GPS 
positioning mode, wherein the hybrid signal processing unit 
only processes GPS signals. 
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11. The receiver of claim 1, wherein the plurality of 
positioning modes further comprising a second assist posi 
tioning mode for providing GPS signal to assist DBS 
positioning when the transmitters transmitting the DBS 
signal are limited and the transmitters transmitting the GPS 
signal are limited, wherein the hybrid signal processing unit 
uses both DBS signal and GPS signals to determine position. 

12. The receiver of claim 1, wherein the plurality of 
positioning modes further comprising a DBS positioning 
mode, the DBS positioning mode being chosen when the 
presence of GPS signals is not detected by the signal 
detector, wherein the hybrid signal processing unit only 
processes DBS signals. 

13. The receiver of claim 7, wherein the plurality of 
positioning modes further comprising an assist DBS posi 
tioning mode, wherein the hybrid signal processing unit uses 
DBS signals to determine position based on the assistant 
DBS signal. 

14. A positioning method using global positioning system 
(GPS) signal and digital broadcasting system (DBS) signal, 
wherein GPS signal having a signal strength and DBS signal 
also having a signal strength, comprising: 

detecting a presence status of the GPS signal through a 
signal detector in a receiver; 

detecting a presence status of the DBS signal through the 
signal detector, 

determining the signal strength of the GPS signal if the 
GPS signal is detected; 

determining the signal strength of the DBS signal if the 
DBS signal is detected; 

choosing one positioning mode among a plurality of 
positioning modes in a signal processing unit in the 
receiver based on signal presence status and the signal 
strength of a detected signal; and 

determining a location of the receiver based on the chosen 
positioning mode. 

15. The method of claim 14, wherein the DBS signal 
comprises a digital audio broadcasting signal. 

16. The method of claim 14, wherein the DBS signal 
comprises a digital video broadcasting signal. 

17. The method of claim 14, wherein the DBS signal 
comprises an advanced television system committee signal. 

18. The method of claim 14, further comprising providing 
assistance data to enhance positioning performance of the 
receiver. 

19. The method of claim 18, wherein the assistance data 
comprises GPS assistance data. 

20. The method of claim 18, wherein the assistance data 
comprises DBS assistance data. 

21. The method of claim 18, wherein the plurality of 
positioning modes comprises a first assist positioning mode 
for providing the receiver a time synchronization informa 
tion from the DBS signal to reduce synchronization time 
required in an assisted GPS positioning mode, wherein the 
receiver uses GPS signal to determine position based on the 
assistance data and DBS signal. 

22. The method of claim 18, wherein the plurality of 
positioning modes further comprising an assisted GPS posi 
tioning mode, wherein the receiver uses GPS signal to 
determine position based on the assistance data. 
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23. The method of claim 18, wherein the plurality of 
positioning modes further comprising a stand-alone GPS 
positioning mode, wherein the receiver only receives GPS 
signals. 

24. The method of claim 14, wherein the plurality of 
positioning modes further comprising a second assist posi 
tioning mode for providing GPS signal to assist a DBS 
positioning mode when the number of transmitters trans 
mitting the DBS signal are limited and the number of 
transmitters transmitting the GPS signal are limited, wherein 
the receiver uses both DBS signal and GPS signals to 
determine position. 
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25. The method of claim 14, wherein the plurality of 
positioning modes further comprising a DBS positioning 
mode, the DBS positioning mode being chosen when the 
presence of GPS signals Is not detected by the signal 
detector, and wherein receiver only processes DBS signals. 

26. The method of claim 20, wherein the plurality of 
positioning modes further comprising an assist DBS posi 
tioning mode, wherein the receiver uses DBS signals to 
determine position based on the assistant DBS signal. 


